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[57] 



ABSTRACT 



An apparatus for supporting an objective lens of an 
optical head including a lens holder for holding the 
objective lens, a movable member for supporting the 
lens holder, and a supporting member for supporting 
the movable member movably in focusing and tracking 
directions. The supporting member includes four leaf 
springs and each of the leaf springs has a main beam 
portion, first and second end portions for securing the 
supporting member to the movable member and a sta- 
tionary member and a flexure portion which is provided 
in the vicinity of the second end portion and includes a 
beam element which is aligned with the main beam 
portion, two first projecting elements which extend 
from the beam element in a direction perpendicular to a 
longitudinal direction of the main beam portion on re- 
spective sides of the beam element and two second 
projecting elements which extend in parallel with the 
beam element from the second end portion. The sup- 
porting member further includes a damping member 
applied on the main beam portion and flexure portion 
such that spaces formed between the first and second 
projecting elements and the beam element are com- 
pletely filled with resilient material of the damping 
member. 

11 Claims, 8 Drawing Sheets 
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45 is protruded from the plane of the U-shaped element 

APPARATUS FOR SUPPORTING OPTICAL 46. 

SYSTEM As explained above, in the known supporting mem- 
ber, when the objective lens L is moved, the flexure 

BACKGROUND OF THE INVENTION 5 portion 42 is deformed in accordance with the direction 

1. Field of the Invention and Related Art Statement of the movement of the objective lens. Since the vibra- 

The present invention relates to an apparatus for t* on suppressing member 47 is secured to the flexure 

supporting an optical system, and more particularly portion 42, vibrations in all directions are suppressed, 

relates to an apparatus for supporting an objective lens In general, in the optical system supporting appara- 

of an optical head movably in a focusing direction par- 10 tus, a center point to which a driving force is applied 

allel to an optical axis of the objective lens as well as in should be made coincident with a center of gravity of 

a tracking direction perpendicular to the optical axis to the movable member M If these two centers are not 

effect focusing control and tracking control in an appa- coincident with each other, there is produced a moment 

ratus for writing information on an optical record disk about the center of gravity of the movable member M 

and/or reading information out of the optical record 15 and the movable member might be rotated. Then the 

dkfc- objective lens L might be tilted and its optical property 

There have been proposed various optical heads might be deteriorated. Further the position of the objec- 

comprising an objective lens for projecting a light spot tive lens L might be shifted and the information could 

on an optical record disk, a supporting mechanism for not be read or written correctly, 

supporting the objective lens movably in focusing and 20 ^ the known objective lens supporting apparatus 

tracking directions, and a driving device for moving the shown in FIG. 1, when the movable member M is 

objective lens in said focusing and tracking directions. drivcn m ^ tracking direction X, the movable member 

For instance, Japanese Patent Application Laid-open fa twisted about the Y axis to generate a rolling reso- 

Pubhcation iKokai Sho 63-195834 discloses a known nance due to the deviation of the center of gravity of the 

optical head. FIG 1 is a perspective view showing this " movable member ^ 

respect to the center of the driv- 

lens holder Hand the lens holder is fixed to a movable r ^, uccd b po^a errors of the moving coils, 

member M. The movab e member M is movably sup- ,. j ' . ~T . _ 6 ' 

ported by four resilient wire-like supporting member^ VO^d^ 

40. The construction of these supporting wires40isthe 30 flux **™ v ^ ™gnetic gaps. The rolhng move- 
same, so that the construction ofonly one supporting ment 3 s * roduc ? bv . fo , rccs generated in the Z 
member will be explained. As illustrated in FIG 2, the da ?*? n ^ fo f usm S p** 0 *)* P 0 * 10 / 15 f . trackm * 
supporting member 40 comprises two end portions 41, a *f wh *ch extend m ±e X direction (tracking direc- 
rectilinear connecting portion 43 for connecting the end tl0n )* 1x1 order t0 su PP rcss the resonance pro- 
portions to each other and flexure portions 42 provided 35 duced bv such 2-direction forces, it is necessary to sup- 
near the end portions 41. The supporting member 40 is P ress thc twlstin S motlon of thc movable member M 
formed by etching a metal plate such as a copper plate abom me Y ^ ^ ck direction), 
and a stainless steel plate. To the flexure portions 42 are However, in the known objective lens supporting 
secured vibration suppressing members 47, respec- apparatus shown in FIGS. 1 to 3, there is not provided 
tively. The vibration suppressing member 47 may be 40 means for suppressing the rolling resonance. When 
formed by a rubber sheet. In FIG. 2 a right hand vibra- ^ supporting member 40 is subjected to the twisting 
tion suppressing member is omitted in order to show the *° rcc aD °ut the Y axis, the connecting portion 43 is 
construction of the flexure portion 42 clearly. The flex- ^hle to be twisted, because the size of the flexure por- 
ure portion 42 comprises a ring-shaped element 44, a tion * 2 m thc x direction is wider than the connect- 
substantially U-shaped element 46 provided at the cen- 45 portion 43 and the connecting portion 43 is not 
ter of the ring-shaped element and a straight element 45 covered with the damping member 47 and thus the 
which extends within a space of the U-shaped element. flexure portion is hardly twisted as compared with the 
It should be noted that the U-shaped element 46 and connecting portion. It is true that the straight element 
straight element 45 are connected to each other only by *5 ^ rotated about the Y axis, but its rotational amount 
means of the ring-shaped element 44. 50 is small. Therefore, when the supporting member 40 is 
When the supporting member 40 is stretched in its subjected to the twisting moment about the Y axis, the 
longitudinal direction, the supporting member is de- connecting portion 43 is twisted, but the flexure portion 
formed from the condition shown in FIG. 3A into the 42 and particularly the straight element 45 are hardly 
condition illustrated in FIG. 3B. That is to say, the twisted. In other words, the damping member 47 does 
ring-shaped element 44 is resiliently deformed into an 55 not effectively serve to suppress the twisting motion of 
elliptical shape and the straight element 46 is shifted in the supporting member 40. 

the longitudinal direction by a distance Ax. The U- In order to suppress the twisting movement much 

shaped element 46 is not deformed. more effectively, there has been proposed another 

When the objective lens L is moved in the tracking known objective lens supporting apparatus which is 
direction X, the supporting member 40 is rotated in a 60 described in Japanese Patent Application Laid-open 

plane parallel to the plane of the drawing of FIG. 3C. Publication Kokai Sho 62-125544. This known appara- 

Then, a lower half portion of the ring-shaped element tus is shown in FIG, 4. The objective lens L is held by 

44 is compressed and an upper half portion of the ring- a lens holder H and the lens holder is secured to a mov- 

shaped element is stretched, and the straight element 45 able member M. The movable member M is connected 

is tilted within the U-shaped element 46. 65 to an intermediate member 49 by means of a first pair of 

When the objective lens L is moved in the focusing leaf springs 51 and 52 movably in the focusing direction 
direction Z, the supporting member 40 is deformed as Z. The intermediate member 49 is further connected to 

depicted in FIG. 3D. That is to say, the straight element posts of a base 50 by means of a second pair of leaf 
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springs 53 and 54, so that the movable member M is weight of the moving portion can be reduced and the 
movable in the tracking direction X. The first pair of sensitivity of the movement can be increased, 
leaf springs 51 and 52 are arranged in parallel with each According to the invention, an apparatus for support- 
other, but the second pair of leaf springs 53 and 54 are ing an optical system movably in at least one direction 
arranged to form an angle a therebetween. In this 5 comprises: 

known apparatus, in order to suppress the twisting mo- a holding member for holding the optical system; and 

tion of the movable member M, the first pair of leaf a supporting means made of resilient material and 

springs 51, 52 have formed therein cut out portions 55 having a main beam portion which extends in a first 

and 56 as illustrated in FIGS. 5A to 5D. direction, a first end portion provided at one end of 

In the known apparatus shown in FIG. 4, the twisting 10 said main beam portion for connecting the main 

movement can be suppressed by means of the leaf beam portion to the holding means, a second end 

springs 51, 52 having the cut out portions 55 and 56 portion provided at the other end of said main 

which are formed asymmetrically, but other undesired beam portion for connecting said main beam por- 

vibrations in the focus direction Z could not be re- tion to a stationary member, and at least one flexure 

moved. Moreover, when the supporting member is 15 portion formed in the vicinity of at least one of said 

formed by a thin wire or strip, it is practically impossi- first and second end portions and including at least 

ble to form the cut out portion therein. one first projecting element which extends from 

In Japanese Utility Model Application Laid-open said main beam portion perpendicularly to said first 

Publication Kokai Sho 61-55214, there is disclosed still direction, at least one projecting portion which 

another known objective lens supporting apparatus in 20 extends from said main beam portion and a second 

which the resilient supporting member is connected to projecting element extending from said projecting 

the movable member holding the objective lens and to portion in said first direction such that tie second 

the stationary member by means of cementing agent projecting element is separated from said ™fa 

having the elasticity. In this known apparatus the posi- beam portion and first projecting element; and 

tions at which the resilient supporting member is fixed 25 a damping member provided on at least said flexure 

to the movable member and to the stationary member portion such that the first and second projecting 

are liable to be shifted and the optical axis of the objec- elements, projecting portion and main beam por- 

tive lens is liable to be tilted when a large external vibra- tion are connected to each other by means of said 

tion is applied or the movable member is shifted to a damping member. 

large extent, and the stable servo control could not be 30 In the optical system supporting apparatus according 

effected. to the present invention, the flexure portion includes the 

In Japanese Patent Application Laid-open Publica* first and second projecting elements which extend per- 
tion Kokai Sho 62-57930, there is described still another pendicularly to the longitudinal direction of the resilient 
known objective lens supporting apparatus in which the supporting means and in parallel therewith, respec- 
objective lens supporting member includes a leaf spring, 35 tively, and the damping member is provided such that 
at least one lug-like element which is formed in the leaf the first and second projecting elements and beam ele- 
spring by cutting and bending a portion of the leaf ment are connected to each other via the damping mem- 
spring and a damping sheet which is applied on the leaf ber. In a preferred embodiment of the invention, the 
spring. This known supporting member has a drawback damping member is provided in such a manner that 
that the leaf spring can not be twisted easily about a 40 spaces between the first and second projecting elements 
longitudinal direction. Moreover, the width of the leaf as well as spaces between these projecting elements and 
spring is liable to be large. the main beam portion are filled with damping material. 

In Japanese Patent Application Publication Kokai This construction of the supporting means according to 

Sho 63-62924, there is described also a known optical the invention can be easily realized by providing the 

head in which the objective lens is supported movably 45 damping member with the aid of a mold, 
in the focusing and tracking directions. In this known 

optical head, a rigid rod-like member is provided, one BRIEF DESCRIPTION OF THE DRAWINGS 

end of which is secured to the objective lens supporting FIG. 1 is a perspective view showing an example of 

member and the other end of which is connected to the the known objective lens supporting apparatus; 

stationary member by means of a damping member such 50 FIG. 2 is a plan view illustrating the construction of 

as a rubber block. In this known optical head, the rod- the resilient supporting member of the apparatus shown 

like member suppresses the movement of the objective in FIG. 1; 

lens, so that the objective lens is liable to be tilted. Fur- FIGS. 3A to 3D are plan views depicting various 
ther the rod-like member might produce undesired reso- deformations of the supporting member of FIG. 2; 
nance. Moreover the rod-like member has a substantial 55 FIG. 4 is a perspective view showing another exam- 
weight, and thus the weight of the overall objective lens pie of the known objective lens supporting apparatus; 
assembly becomes large. FIGS. 5A to 5D illustrate variety of the cut out por- 

SUMMARY OF THE INVENTION ti0nS f ?™* * «M*»*W mem ^ of 

apparatus shown in FIG. 4; 

The present invention has for its object to provide a 60 FIG- 6 is a perspective view showing an embodiment 

novel and useful apparatus for supporting an optical of the optical system supporting apparatus according to 

system movably, in which the vibration in a desired the invention; 

direction as well as the twisting movement can be sup- FIG. 7 is an exploded perspective view of the appara- 

pressed effectively, while the undesired tilting move- tus shown in FIG. 6; 

ment of the optical axis of the optical system can be 65 FIG. 8 is a plan view showing the magnetic flux 

avoided. applied to coils; 

It is another object of the invention to provide an FIG. 9 is a plan view illustrating the detailed con- 
optical system supporting apparatus in which the struction of the leaf spring shown in FIG. 6; 
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FIGS. 10A to 10C are plan views showing the defor- tracking direction X. In the present embodiment, the 

mations of the leaf spring; and flat tracking coils 4 are secured to the movable member 

FIG. 11 is a plan view showing another embodiment 3, so that the dimension of the driving mechanism can 

of the resilient supporting member according to the be reduced in the track direction Y as well as in the 

invention. 5 tracking direction X. Further the yokes 10 can be pro- 

nFTATT FD FYPT A NATION OF THF 011 ^ **** 5 havillg the ^^P* 1 depression 6, 

PRF^S^n FMl£n?M^ 50 that thc overaU construction of the magnetic circuit 

PREFERRED EMBODIMENTS ^ ^ md ^ number of Mnstructional c le- 

FIG. 6 is a perspective view showing an embodiment ments can be reduced. Therefore, the magnetic circuit 
of the apparatus for supporting an objective lens mov- 10 can be assembled simply and the cost of the apparatus 
ably in the focusing and tracking directions. An objec- can be reduced. 

tive lens 1 is held by a lens holder H which is then FIG. 9 is a plan view showing the construction of the 
secured to a movable member 3 on which a focusing resilient supporting member having the leaf spring 14 
coil 2 is wound. Further four flat-shaped tracking coils and FIGS. 10 A to IOC illustrate various deformations 
4 are secured to the movable member 3 at its four cor- 15 of the leaf spring. The leaf spring 14 may be formed by 
ners. In a base 5 which is formed by pressing an alumi- etching or pressing a plate having a thickness of 0.1 mm 
num plate, there is formed a depression 6 constituting an and made of a metal such as phosphor bronze, beryllium 
optical path, and a pair of yokes 10 folded substantially bronze and stainless steel. A main beam portion 23 of 
in a U-shaped form are secured on the base 5 such that the leaf spring 14 is formed to have a very small width 
these yokes are opposed to each other with respect to 20 so that it is easily bent like a wire in all directions and at 
the depression 6. The yoke 10 includes three upright both ends of the leaf spring are formed first and second 
portions 7, 8 and 9. In the movable member 3 there are end portions 27 and 28 having a larger width than the 
formed rectangular recesses 11 and the upright portions main beam portion 23. As illustrated in FIG. 9 in the 
8 of the yokes are inserted into these recesses, respec- first and second end portions 27 and 28 there are formed 
tively. Within spaces substantially surrounded by the 25 the substantially square and rectangular openings 16 
upright portions 7 and 8 there are arranged permanent and 17, respectively. Further these end portions 27 and 
magnets 12 which are secured to the upright portions 7. 28 include projections 30 and 31 to which electric wires 
Further within spaces surrounded by the upright por- for supplying the focusing and tracking error correcting 
tions 7 and 9 there are also arranged permanent magnets currents to the focusing coil 2 and tracking coils 4 are 

13 which are also secured to the upright portions 7. It 30 connected. That is to say, the leaf springs 14 are made of 
should be noted that the magnetizing direction of the an electrically conductive material and serve to conduct 
permanent magnets 12 and 13 are opposite to each other the electric currents. In the present embodiment, in the 
as shown by arrows, vicinity of the second end portion 28 there is formed a 

The movable member 3 is supported by four resilient flexure portion F which includes first projecting ele- 
members, i.e. leaf springs 14, One end of the leaf springs 35 ments 24 which extend from a beam element 25 in the 

14 is secured to the movable member 3 and the other direction perpendicular to a longitudinal direction of 
end is fixed to a fixing member 15 which is secured to the leaf spring and second projecting elements 26 which 
the outer surface of the upright portion 7 of the right extend from the second end portion 28 toward the first 
hand yoke 10. In this manner, the movable member 3 projecting elements 24 in the longitudinal direction of 
can be supported movably in the focusing direction Z as 40 the leaf spring 14 in parallel with the beam element 25. 
well as in the tracking direction X. As shown in FIG. 9, first projecting element 24 has a 

FIG. 7 is an exploded perspective view showing the first end 24A which is connected to and extends from 
construction of the apparatus shown in FIG. 6. As main beam portion 23 perpendicularly to direction Y in 
shown in FIG. 7 in one end of the leaf spring 14 there is which main beam portion 23 extends and a second free 
formed a square opening 16 and in the other end thereof 45 end 24B. It should be noted that the beam element 25 is 
there is formed a rectangular opening 17. In the mov- aligned with the main beam portion 23, and the first and 
able member 3 there are formed projections 18 and in second projecting elements 24 and 26 and beam element 
the fixing member 15 there are provided projections 19. 25 are formed such that a substantially L-shaped narrow 
By inserting these projections 18 and 19 into the open- space is formed therebetween. Between the first end 
ings 16 and 17, respectively, the leaf springs 14 can be SO portion 27 and the main beam portion 23 there is formed 
positioned simply and accurately without utilizing a a tapered element 29. 

special positioning tool. Tlie main beam portion 23, first and second project- 

FIG. 8 is a plan view showing the magnetic flux ing elements 24 and 26, beam element 25 and tapered 
applied to the tracking coils 4 and focusing coil 2. The element 29 are covered with a damping member 32 
magnetic flux generated by the permanent magnet 12 55 made of butyl rubber. As shown in FIG. 9, the width of 
passes through inner vertical sides 20 of the tracking a portion of the damping member 32 which surrounds 
coils 4 and the magnetic flux generated by the perma- the main beam portion 23 of the leaf spring 14 is made 
nent magnets 13 passes through outer vertical sides 21 smaller than that of the remaining portion. In the pres- 
of the tracking coils. Further the magnetic flux gener- ent embodiment, the damping member 32 is provided 
ated by the permanent magnet 12 passes through one 60 by placing the leaf spring within a mold and then raw 
side of the focusing coil 2. Therefore, by supplying a butyl rubber is introduced into the mold. Then the raw 
focus error correcting current to the focusing coil 2, the butyl rubber is cured in the mold. By using such a mold, 
focusing coil is subjected to forces which move the narrow spaces between the first and second projecting 
focusing coil and thus the movable 'member 3 in the elements 24 and 26 and the beam element 25 can be 
focusing direction Z. Similarly by supplying a tracking 65 filled with the rubber. 

error correcting current to the tracking coils 4, the FIGS. 10A to IOC represent the deformation of the 
tracking coils are subjected to forces which drive the flexure portion F of the resilient supporting member 14. 
tracking coils and thus the movable member 3 in the FIG. 10A shows a condition in which the first end 
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portion 27 is shifted in the X direction with respect to portion 22 also extends substantially in parallel with the 
the second end portion 28. In this condition, the beam X direction and thus its amplitude is very small. There- 
element 25 is deformed in the X direction. Since the first fore, the twisting vibration due to this force is very 
projecting elements 24 extend in the X direction as, tips small, 

of these elements are shifted over 8 longer distance 5 The present invention is not limited to the embodi- 

viewed in the Y direction. That is to say, the distance men t explained above, but many modifications and al- 

between the tip of the upper first element 24 and the tip ternatives may be conceived by those skilled in the art 

of the upper second projecting element 26 is shortened within the scope of the invention. In the above embodi- 

and the distance between the tip of the lower first pro- ment , the flexure portion F including the first and sec- 
jecung element 24 and the tip of the lower second pro- 10 oa & projecting elements 24 and 26 and beam element 25 

jectmg element 26 is widened. Therefore, upper and f orme d in the vicinity of only the second end portion 

lower pans of a portion 35 of the damping member 32 28, but the flexure portion may be equally provided in 

which covers the flexure portion F are subjected to ^ of ^ first end „ of the 

compresang and sketching deformations, respecUyely. ta ^ 29. In this case, the damping effect may 

so that .the supporting member 3 can be effectively 15 * fur1b „ Further it j, not ^ iys nccessary 

^brauonofften>ambeam^ ^ b co^dy 'covered with the damping mem- 

by the damping member 32. At the first end portion 27, ^ the ^ J member ^ y ™SX^o 

the vibration energy of the main beam 23 can be effec- -J r.t.^^^ 7 , ^ F , , a . 

tivelyab^rbedby^L^^ 20 ^'f ^IT^^^I^^JS^ 

ofthe damping member 32 which surrounds the topered * h ] * sheet "* * e shc *} * ""J? 

element ^ the leaf spring, the damping member might not be filled 

FIG. 10B illustrates the situation in which the first £ T^^^i elements ^ 

end portion 27 is shifted in the Z direction with respect eleme ^ of * e le ^ spring According to the in- 

to the second end portion 28. In this case the main beam 25 Veo ' Ion ' the dampu5g effect °° M * attamed even m 

portion 23, projecting elements 24 and beam element 25 suc^ a construction. 

of the leaf spring 14 are displaced in the Z direction. *? G ; " B a plan VICW showm g mother embodiment 

Then, the portion 35 of the damping member 32 is sub- of ^ leaf s P nn 8 according to the invention. In FIG. 11 

jected to the stretching movement and thus the vibra- Portions similar to those shown in FIG. 9 are denoted 

tion of the supporting member 3 in the focusing direc- 30 b * the ***** reference numerals used in FIG. 9. In the 

tion Z can be suppressed by means of portions 33 and 34 P resent embodiment, a plurality of flexure portions F 

of the damping member 32 which are applied on the m formed dong the whole length of the main beam 

main beam portion 23 and tapered portion 29. portion 23. The construction of the outermost flexure 

FIG. IOC shows the condition in which the first end portions is substantially the same as that of the previous 

portion 27 is twisted about the Y axis with respect to the 35 embodiment shown in FIG. 9. A center flexure portion 

second end portion 28. In this situation, portions ofthe comprises only second projecting elements 38 which 

damping member 32 which are disposed between the extend from first projecting elements 37 of intermediate 

projecting portions 24 and 25 are subjected to the flexure portions. Second projecting elements 36 of the 

stretching deformation, so that these parts ofthe damp- intermediate flexure portions extend from the first pro- 

ing member effectively serve to suppress the twisting 40 jesting elements 24 of the outermost flexure portions, 

movement of the leaf spring 14. There is further provided a damping member 32 which 

When the movable member 3 is twisted about the covers all the flexure portions F. Then parts of the 
center of gravity of the movable member, the first end damping member which are disposed between the sec- 
portion 27 of the leaf spring 14 is subjected to all of the ona * projecting elements 36 and 38 and the main beam 
above mentioned displacements, i.e. the displacement in 45 portion 23 and between the opposing second projecting 
the Z direction, the displacement in the X direction and elements of the center flexure portion can serve to sup- 
the twisting movement about the Y axis. In other press the twisting vibration when the first end portion 
words, in such a case the situations shown in FIGS. 10A 27 is shifted in the X direction with respect to the see- 
to 10C appear simultaneously. Then the twisting move- ond end portion 28. Similarly the damping effect can be 
ment of the movable member can be effectively pre- 50 equally attained for the displacement in the Z direction 
vented in the manner explained above. and the twisting movement about the Y axis. 

Since the first projecting elements 24 extend in the In the present embodiment, since a plurality of flex- 
direction perpendicular to the longitudinal direction of ure portions F are formed along the main portion 23, the 
the leaf spring 14, the displacing motion of the main damping action is enhanced much more effectively as 
beam portion 23 and beam element 25 is amplified. Also 55 compared with the previous embodiment 
the portion of the damping member 32 surrounding It should be further noted that the supporting mem- 
these portions is subjected to a large displacement, and ber may be made of plastics instead of the metal. Fur- 
thus the damping member can suppress the vibration ther the supporting member may be formed such that it 
effectively. Further the parts of the damping member 32 supports the movable member movably only in one 
located between the projecting elements 24 and the 60 direction. Moreover, the optical element may be consti- 
projecting elements 26 can provide a large damping tuted by any optical element such as a laser diode in- 
effect, because these parts of the damping member con- stead of an objective lens. In the above mentioned em- 
stitute a sandwich type damper viewed in the plane of bodiment of the optical system supporting member 
the leaf spring. <- according to the invention, the four resilient supporting 

In the present embodiment, the direction of the mag- 65 leaf springs are arranged in parallel with each other, but 

netic field which affects the portion 22 of the tracking according to the invention two resilient supporting leaf 

coil 4 which extends in the X direction also extends in springs may be arranged to form an acute angle therebe- 

the X direction. As a result, the force generated in this tween a shown in FIG. 4. 
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As explained above in detail, according to the inven- portion are interconnected by means of said damp- 

tion there are provided the first projecting elements ing member. 

which extend in the direction perpendicular to the Ion- 2. An apparatus according to claim l t wherein said 

gitudinal direction of the supporting member and the damping member is provided to cover also the main 

second projecting elements which extend in the longitu- 5 beam portion of the supporting means. 

dinal direction of the supporting member and the damp- 3. An apparatus according to claim 2, wherein said 

ing member is disposed in the space formed between damping member is formed by a molding of resilient 

these first and second projecting elements as well as the material which fills spaces between the first and second 

mam beam portion. Therefore, vibrations in one or projecting elements and main beam portion. 

more given directions and the tvvisting movement of the 10 4 ^ apparatus according to claim 3, wherein said 

supporting member can be effectively suppressed. xt ^ M matetkl of ^ ^ m mcmb er is rubber ma- 

Therefore, the tilting movement of the optical element terial 

What is claimed is: fo ™f ' ^ # . . _ . . 

1. An apparatus for supporting an optical system A 6 apparatus according to claim 5, wherein said 

movably in at least one direction comprising: member comprises two sheets made of elastic 

a holding means for holding the optical system; 20 matcnaI 811(1 a PP Lcd on respective «des of the leaf 

a supporting means for said holding means, said sup- spring, 

porting means being made of resilient material and T apparatus according to claim 5, wherein said 

having a main beam portion which extends in a first damping member comprises a sheet made of elastic 

direction, a first end portion providied at one end niaterial and applied on one side of the leaf spring, 

of said main beam portion for connecting the main 25 8 ^ apparatus according to claim 1, wherein said 

beam portion to the holding means, a second end supporting means comprises a second flexure portion 

portion provided at the other end of said main formed in the vicinity of the other one of said first and 

beam portion for connecting said main beam por- second end portions, respectively, 

tion to a stationary member, and a first flexure 9 * ^ apparatus according to claim 8, wherein said 

portion formed in the vicinity of at least one of said 30 supporting means further comprises at least two flexure 

first and second end portions and including at least portions which are formed along the main beam portion 

one first projecting element which extends from between said first and second flexure portions, 

said main beam portion perpendicularly to said first 10. An apparatus according to claim 1, wherein said 

direction, at least one projecting portion which flexure portion comprises two first projecting elements 

extends from said main beam portion and a second 35 which extend from the main beam portion in opposite 

projecting element extending from said projecting directions and two second projecting elements which 

portion in said first direction, the second projecting extend on respective sides of the main beam portion in 

element being spaced apart from said main beam said first direction. 

portion and said first projecting element; and 11. An apparatus according to claim 1, wherein said 

a damping member provided on at least said flexure 40 projecting portion is formed integrally with said end 

portion such that the first and second projecting portion. 

elements, the projecting portion and the main beam * * * * • 
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